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INTRODUCTION
Beans are the most important relish crop in the farming systems of Serenje District in Central Province, Zambia (Fig. 1 ). Both leaves and dried beans are major food sources for home consumption, and dried beans have a commercial value in the system (Bezuneh and Olsen, 1990a) . Given this dual role, increasing bean yields would improve family nutrition as well as economic returns to capital and labor invested. However, in this system, the level of production is very low and is not even sufficient to meet home consumption. The low yield local bean varieties and pest infestation (bean stemfly) are major contributing factors to low yields realized by farmers (CIMMYT, 1978; ARPT-CP, 1982 , 1986 .
The Adaptive Research Planning Team of Central Province (ARPT -CP), using the farming systems research and extension methodology, identified bean on-farm research as an important 'leverage' area in the Serenje farming systems, Traditional Recommendation Domain #2 (Fig. 2) . As a result, ARPT-CP carried out on-farm research on beans for four years (1984 /85-1987 j88) to identify bean varieties and management strategies that would result in higher yields and economic returns with relatively less variation.
This paper analyzes the four years on-farm research in order to determine the most risk efficient management strategies in the bean enterprise for farmer's adoption. More specifically, the objective of this study is to investigate and compare the variability in net returns due to different bean varieties, and other management strategies, such as with and without fertilizer and insecticide.
The results of the analysis should be applicable to traditional and small scale farmers in other Eastern and Southern African countries with similar farming systems environment, and ought to serve as a lesson for those countries/or regions in Africa that are currently utilizing farming systems methodology for the purpose of developing crop technology for resource poor farmers.
STUDY AREA AND THE ON-FARM RESEARCH
In common with all other small-traditional farmers, two important objectives guide farmers' management behavior in bean production in Serenje District. First is procuring an adequate supply of beans for home consumption as a relish. Second, having met this objective, is maximizing cash-income from their bean farming operation.
The Serenje farming system is best characterized by: (1) traditional small-scale farm households with hand hoe and family labor as the dominant source of power for cultivation; (2) production for home consumption is the primary objective; (3) despite unlimited cultivable land, only less than 5 ha per farm household are under cultivation; (4) limited cash capital with minimum participation in both product and input markets; and (5) limited family labor during the peak period of November through December. The latter two features of this farming system make beans an attractive alternative. Most bean growers practice multiple bean plantings extending from early November to March. Beans, therefore, are an ideal short-term crop for planting (during January-March) after the critical labor period has been devoted to maize establishment.
Despite unlimited local markets and attractive prices offered by the local market agencies for dry beans, farmers are unable to produce surplus for cash. Thus, both the leaves and seeds are generally used for home consumption. Maize is the major source of cash-income in the system (ARPT-CP, 1982 , 1986 .
DATA AND METHOD
ARPT -CP carried out on-farm bean research with various bean varieties, fertilizer levels and seed treatments (with insecticide). Eight different management strategies comparing a new bean variety called Carioca from Brazil, which had performed well on a research station in Zambia, with the farmers own local variety (retained seed) were tested on farmers' fields for four years (1984/85-1987 /88) (Table 1 ). The study was carried out for two years as research managed and research implemented on-farm trials and two years as extension managed and farmer implemented on-farm test demonstrations within the Serenje farming systems. Net income is measured in Zambian Kwacha (Kwacha per ha), and is obtained from partial budget analysis carried out by the author. US$1 = 8 Kwacha.
The data used in this study were first collected from the on-farm trials and test demonstrations that were carried out testing each strategy (shown on Table 1) on 17 farms over the four years. Secondly, partial budget analysis was carried out in order to obtain the net return of each strategy ( Table 2 ). The guidelines and procedures of partial budget analysis for on-farm experiments used are given in Perr et al. (1976) and CIMMYT (1988) .
Traditional (subsistence) and small-scale farmers are resource poor, and highly risk averse (Binswanger, 1980; Dillan and Scandizzo, 1978) . Thus, certainty of outcome is an important consideration in their decision-making process. The dominant question in this regard is: How risky is the new alternative or strategy in relation to farmers' current practice? Risk (or variation) in agricultural production, and hence in net income, is now widely recognized as the most important factor in the adoption process of new production technology by tranditional and small-scale farmers such as those in Serenje District (Anderson, 1974; Anderson, Dillon and Hardaker, 1977; King and Robison, 1984; Ames, Reid and Lukusa, 1989) . In this paper, the stochastic dominance (SD) criteria are utilized to select the most risk efficient technologies for bean production.
The principles and procedures for application of stochastic dominance criteria, both first degree (FSD) and second degree (SSD), are elaborately discussed in Anderson (1974) , Anderson, Dillon and Hardaker (1977) , King and Robison (1984) and Boehlje and Eidman (1984) . Briefly, the decision rule for FSD rests on the assumption that all decision makers prefer more to less, and have positive marginal utility over all outcomes considered. Under the FSD rule, an alternative with cumulative distribution function F(Y) dominates a second alternative with cumulative distribution function G(Y) by FSD if: 
for all possible outcomes of y, with inequality holding for at least one value of Y. Hence, for F(Y) to dominate G(Y) by SSD, the area under the cumulative distribution function of F must be less than or equal to the area under the cumulative distribution function of G, and must be less than for at least one value of Y. Although the risk aversion assumption seems to exclude those decisionmakers who are risk-neutral or risk-takers, as pointed out by King and Robison (1984) , it is a reasonable assumption to make for our target farmers in Serenje District because of their low level of endowments, i.e. wealth (ARPT-CP, 1986; CIMMYT, 1978) .
RESULTS
Carioca with fertilizer and insecticide (C++) generated significantly higher bean yields than the farmer's local variety with or without fertilizer and seed treatment. As a result, over the four years, C++ gave the highest mean net return (Kwacha 2028 per ha), 61% higher than the highest net return treatment with the local variety (L++). In fact, each treatment with carioca generated more net returns than any treatment with the local variety ( Table 2) . On the basis of net returns, all the treatments with carioca would be recommended over the treatments with the local variety. However, when the risk aversion behavior of the traditional and small-scale farmers is incorporated into the process of deriving recommendations, one is able to narrow the choice of alternatives to be selected as the optimum-efficient strategies for farmers' adoption.
The cumulative probability distribution of the net income generated from each strategy is presented in Table 2 , and plotted in Fig. 3 as discrete distributions for easy inspection. Comparing any two cumulative functions of those strategies with the local variety (i.e., L 00 with L+o• L 00 with L 0 +, and L 00 with L++• or any other combination) indicates that no one alternative dominates the other in terms of first degree stochastic dominance (FSD). The second degree stochastic dominance (SSD) analysis also indicated that none of the three strategies with the local variety (i.e., L+ 0 , L 0 +, and L++) dominates the farmers' own practice (L 00 ). As a result, distributions of the four strategies with the local variety can be ranked by neither first degree nor second degree stochastic dominance. Thus, farmer's own practice (L 00 ) could not be eliminated from these set of choices. However, all the strategies with the local variety were dominated by all strategies with the Carioca variety (C 00 , C+ 00 , C 0 + and C++) using the FSD criterion (Table 2 and Fig. 3) . As illustrated in Fig. 3 , no one strategy with Carioca dominates any other strategy with Carioca by first degree stochastic dominance criteria. Therefore, these strategies were evaluated using SSD criterion in order to eliminate those strategies (or alternatives) which a risk averse decision maker would not consider. Alternative C+ 0 dominates both C 00 and C 0 + by second degree stochastic dominance. C++ is compared with C+o in Table 3 . The cumulative area under C++ is less than for C+ 0 at each net income level. This indicates that strategy C++ dominates by SSD all the other seven strategies considered (Fig. 4) .
CONCLUSION AND IMPLICATIONS
Given the farming systems of the study area and farmers' objectives and priorities, the results of the four years on-farm research indicate that Carioca bean variety with fertilizer and insecticide is the most preferred alternative for the traditional and small-scale farmers who are usually highly risk averse. This strategy generated significantly higher yield and hence net income with the least variability.
Additionally, the Carioca variety should be preferred over any management strategy with the local variety both in terms of rate of return and stability. Hence, farmers in Serenje District would likely do better in bean production by planting Carioca variety, and even better, if this variety is accompanied by fertilizer and insecticide.
The next step in the sequence is to assess the Carioca bean acceptability potentials for adoption. Here, only implications for adoption are drawn. As argued in various socio-economic studies (Mann, 1978; Byerlee and Hesse de Polanco, 1986; Lang and Roth, 1984) farmers, particularly traditional and small scale, do not adopt technologies as a 'package' at once but rather sequentially based on availability of relevant inputs, own resource endowments, technical viability in the field, economic returns, and degree of risk averseness. Hence, technology or strategy that best fit farmers' circumstances will be selected first for adoption. In addition, one of the obstacles for adoption of high-yielded seed varieties with fertilizer and insecticide inputs has been the lack of well-organized input markets, adequate storage and transportation facilitate in most African countries (Ogutu, 1987) .
The results of this study suggest that farmers who have limited ability to purchase and limited access to acquire the fertilizer and insecticide inputs (due to institutional constraints) should first adopt the new bean variety without fertilizer and insecticide, since this strategy would not involve a cash outlay. Once the Carioca variety is available, it can be retained and used as a seed. Other additional management strategies such as Carioca with fertilizer and insecticide (Table 1) should only be added as farmers become more confident in the technology and other institutional factors, such as input markets and agriculture policies are favorable towards such technology. Such a stepwise strategy for adoption was evidenced in the study area (Bezuneh and Olsen, 1990b) .
